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ABSTRACT 
The four lunations between 20 June and 15 October, 1974 
produced over 130 range observations, an excellent total for 
the summer months of the year. Laser improvements significantly 
lowered the single shot uncertainty and permitted at least 18 
ranges with better than 6 em accuracy. 
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I. SYSTEM OPERATIONS DURING THE LAST QUARTER 
The following report discusses the operations of the 
McDonald Observatory Lunar Laser Ranging Station during the four 
lunations between 20 June, 1974 and IS October, 1974. During 
this period the experiment averaged over 30 observations per 
month, a relatively good quota for summertime operations at this 
site. A daily log for the period is included as usual in 
Appendix A. These summer months, which normally have poor trans-
parency, were relatively cloud free except for two weeks in late 
September. The low cloud cover permitted a high number of laser 
runs to be used. Furthermore, the lack of accompanying humidity 
greatly increased the usefulness of the runs by lessening the 
attenuation due to water vapor (see Quarterly Report for September, 
1972). In general, we were pleased to get through the summer of 
1974 with such a large number of observations. Table 1 summarizes 
the observational results for the four lunations. 
The difficulties with laser operation which plagued us 
during the spring of 1974 seem to be under control. We dis-
covered that most of our problems resulted from the laser 
operating in a long pulse mode (20-40 nanoseconds) rather than 
the proper cavity dump operation. During Jurie and July we took 
care to monitor the laser more closely and keep most of the out-
going energy in a 2-3 nanosecond main pulse. Even though the 
laser was not operating perfectly we obtained some very accu~ate 
TABLE I 
LRRR Number of Number of Number of Number of Ave. 
Attempts Shots Returns Ranges Sig. 
All 28 6096 124 16 .020 
A14 33 7598 233 26 .030 
A15 109 22628 970 85 .043 
L21 13 3059 58 7 . 019 
All 183 39381 1385 134 .035 
LRRR 
Success rate = 73% 
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ranges during the July-August lunation by pulse width averaging 
large numbers of returns from the Apollo 15 corner reflector. 
Before the August-September lunation we modified the 
laser to use a new Pockels Cell obtained recently from Lasermetrics 
Corporation. The improved switching with the new unit seems 
to have eliminated almost all of the long pulse problems and 
places most of the laser energy in a 2 nanosecond burst. The 
improvement in pulse width lowered our single shot uncertainty 
to between 1.2 and 1.7 nanoseconds, allowing a considerable 
improvement in both the statistical as well as calibration 
accuracy. Several of the later observations r.eached 6 cm 
accuracy without the necessity of excessive pulse width averaging. 
The calibration data for the four lunations is shown on a 
day-to-day basis in Appendix B. 
Section II of this report identifies a number of small 
anomalies in the data-taking procedures which should be recorded 
for archival information. In Section III we discuss the 
equipment research which has proceeded during the last quarter. 
The final section will bring the reader up to date on the status 
and time schedule for upgrading the McDonald Lunar Laser System 
to 3 cm accuracy. 
II. DATA REDUCTION NOTES 
Modification to- the Data Cards. The recent laser re-
search has created a situation where the pulse width can vary 
on a night to night basis. It was evident that treating all 
of the data in the same manner when creating normal points 
does a disservice to the accuracy of the best determinations. 
We have, therefore, added a letter code to the data cards 
to indicate our estimate of the single shot uncertainty for 
each laser run. The laser crew estimates the single shot 
uncertainty by measuring the approximate half-width of the 
feedback distribution at the 1/3 maximum point. This value 
should approximate the RMS of the single shot uncertainty 
for ~he lunar returns. Appendix B gives the letter code for 
these estimates along with some examples in the August through 
October data set. 
New Vernier Constants. The tighter distribution of the 
returns obtained with shorter laser pulse indicated the elec-
tronic vernier constants, which served us for over a year, 
were no longer adequate. New vernier constants were installed 
on 20 August, 1974. They are 
KO = 0.046715 nsec/unit vernier reading 
Kl = 0.046498 nsec/unit vernier reading 
Div = -1.4789 nsec 
Judging from the agreement between the feedback returns and the 
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laser pulse width, these new constants are extremely accurate. 
Laser Pulse Width. The June-July and the July~August 
lunations were run with a laser pulse width of about 3 nano-
seconds FWHM. It was apparent, however, that the laser pulse 
contained structure, and on many occasions approached a double 
pulse separated by approximately 3 nanoseconds. Figure 1 
shows the feedback returns for 6 August, 1974 with the double 
pulse structure clearly visible. On that date 27 returns were 
observed from the Apollo 15 corner reflector within ~4 nano-
seconds of the mode in the distribution. Assuming a single 
shot uncertainty of +1.7 nanoseconds we calculate that the 
range had an accuracy of approximately ~5 cm. It is evident, 
however, that we could be doing somewhat better. The double 
pulse is well resolved in the return distribution and 16 of 
the returns are within +500 picoseconds of the peaks in the 
double pulse distribution. We show this graph to demonstrate 
two points: 1) that we may be able to increase our accuracy 
for a number of selected range points by detailed use of the 
pulse shape in the normal point construction; and, 2) that 
we have strong evidence, even from the McDonald Observatory 
station, that the lunar returns preserve the pulse shape 
at subnanosecond levels. 
New Start Diode Location. Following the installation 
of the new laser Pockels Cell (to be discussed in Section III) 
it was found that the electrical noise was greatly increased. 
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DOUBLE PULSE STRUCTURE ON 6 AUG. '74 
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Fig. 2 -- A schematic diagram of the optical system used in the laser ranging 
experiment. 
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It was not possible to insure a good signal from the start 
diode in the old configuration. In order to alleviate the 
situation, the start diode was moved to a new location behind 
the #6 mirror. It now views a portion of the center of the 
expanded laser beam that leaks through the #6 dichroic on 
the way to the telescope (see Figure 2). The cabling delays 
were adjusted such that the total calibration constant is 
close to, but not identical with, the old figure. This, of 
course, means a significant redistribution of the total cali-
bration constant between the geometric and the electrical 
components. 
As near as we can determine, the change in calibration 
constants was a routine measurement job and the tie be ... 
tween the two systems should be preserved within 100 pico-
seconds or +lcm. We are aware of only one possible difficulty 
with this diode realignment. SAO investigators have discovered 
that their satellite lasers have a temporal variation in pulse 
transmission which is related to position on the outgoing laser 
beam. In other words, the edge of the beam fires later than 
the center. We do not believe that this is a significant factor 
for our type of laser, but have no definitive data with which 
to back up that intuition. We make note of the fact, however, 
that our old start diode position favored the edge of the out-
going laser beam while the new location looks only at the 
center. 
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The new start diode position is 5.035 meters closer to 
the intersection of the axes of the 2.7 meter reflector than 
the old start diode position. The geometric calibration 
correction is thus lowered by 16.8 nanoseconds to 100.4 
nanoseconds. We must add 13.9 nanoseconds to the raw feed-
back data to get the proper electronic calibration correction. 
Clock Frequency Error? A calibration accuracy of 
+200 picoseconds implies a clock frequency known better than 
one part in 1010 . This sort of accuracy normally requires 
no more than a routine fit of the Loran C data following 
each lunation. The August-September lunation has a diffi-
culty in this regard. Fits of the clock data in the first 
and second halves of a lunation disagree at their intersection 
b 5 . 1010 h . 1 f 1 d . y parts ln , or t e equlva ent 0 nanosecon ln range. 
No frequency changes were recorded nor should any have occurred 
where the two frequency fits intersect. We flag the data 
from 2 September to 7 September, 1974 (JD2442292.5-2442297.5) 
as requiring a possible 1 nanosecond calibration uncertainty. 
III. RESEARCH AND DEVELOPMENT 
The Laser. During the last quarter the laser was 
successfully operated with a subnanosecond, SO ohm impe-
dence Pockels Cell. The unit used is a 10mm aperture 
KD~ model 1070 from Lasermetrics Corporation. We chose 
to drive this unit with the same spark-gap pulse shaper 
which was used on the original Korad Pockels Cell. The 
Lasermetrics unit was inserted approximately one foot down 
the inverting line which times the transmission of the laser 
pulse in our cavity dump system. The improvement in pulse 
width was sensational. With the same l6-inch cavity the 
length of the outgoing pulse dropped from the 3 nanosecond 
double shown in Figure 1 to approximately 1.4 nanoseconds as 
shown by the feedback example of Figure 3. Naturall~ it 
was necessary to lower our total energy in order to prevent 
rod damage at these narrow pulse widths. We believe that 
the improvement in the pulse width is probably more nearly 
related to the lack of spurious reflections in the SO-ohm 
unit, rather than its higher switching speed. For whatever 
reason, however, this modification gives us access to pulse 
widths which are compatible with a 3 centimeter range accuracy. 
Figure IV shows a picture of the current laser oscillator 
section with a few of the major components labeled. 
Automatic Guider. After many delays the automatic 
guider was finally successfully tested. The basic concept 
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involves using a 32 by 32 array of silicon diodes to monitor 
the lunar image. The image is analysed in real time by the 
Varian computer which then applies the proper guiding corrections 
to the 2.7 meter telescope. We were able to test this concept 
at several lunar phases during mid-August and were greatly 
encouraged by the results. With the exception of a few 
featureless Maria areas, the computer soft ware was able to 
automatically lock on lunar features and hold the telescope 
in the same position almost indefinitely. The computer corrects 
the telescope in 0.3 arc second steps at rates of up to six 
steps per second. The scan rate of the diode camera is 
approximately SO hertz. We are able, therefore, to follow 
guiding corrections as high as two arc seconds per second. 
The accuracy appears to be very high, but no quantitative 
information is currently available. The main drawback un-
covered to da te is the inabil i ty to accommodate a varying in-
tensity, such as would be encountered through thin cirrus 
cloud cover. 
Status of the McDonald Upgrade. The upgrade of the 
McDonald Lunar Laser System to 3 cm accuracy has been pursued 
on two fronts. The first involves lowering the shot by shot 
uncertainty to as low as possible; while the second involves 
raising the average signal to permit greater pulse-width 
averaging. At this stage we are about half way through the 
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development in both areas. The laser is operating quite 
well with a pulse width approximately half that which was 
used for the first four years of operation. New timing 
electronics have been ordered and are expected about November 15. 
We are attempting to raise the average signal level by im-
proving the on-target tracking of the 2.7 meter reflector. 
In this regard, the TV system has been tested but is not yet 
in regular operation. We currently expect that the change-
over to the upgraded system will require two, two-week periods 
during the winter lunations. The first change-over period is 
scheduled to bracket the new moon period which occurs in 
mid - December. At this time we will install either the TV 
stabilizing system or the new timing electronics. The second 
two -we ek installation will occur around mid-February . The 
goal of this work is to provide a 3-4 cm ranging system in 
time to match up with the regular operation of the installa-
tion on the island of Maui. 
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APPENDIX A 
The McDonald Lunar Laser Operations Log 
from 
20 June, 1974 to 15 October, 1974 
STATION LOG JULY 1974 
DATE DAY (GMT) TIME RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
June 23 174 1945 clear 5-6 Cancelled (bad seeing) 
2245 cirrus 5-6 Cancelled (bad seeing) 
175 0130 220 471/3 0/3 clear 2-3 
221 301/4 0/4 clear 2-3 
June 24 175 2030 clear 3 - 4 Cancelled Poor Contrast 
176 0001 222 413/3 0/3 clear 3-4 
0200 223 280/3 0/3 clear 3-4 
224 492/4 8/4 clear 3-4 
June 25 176 2100 cloudy cancelled 
177 0030 cloudy cancelled 
0230 225 138/3 10/3 clear 2 - 3 
226 409/0 5/0 clear 4 
June 26 177 2200 cloudy Blew flashlamp in laser 
178 0100 227 136/3 0/3 clear 2 - 3 
228 274/0 0/0 clear 2-3 
0400 229 415/3 5/3 clear 4-7 Bad seeing 
June 27 178 2230 cloudy Laser work (cancelled) 
179 0005 230 187/3 10/3 clear 3 Used beam split ters with 
231 276/0 7/0 clear 3 shorter cavity 
232 177/3 9/3 clear 2 New guider practicing 
0400 233 286/3 12/3 clear 2 " " " 
June 28 180 0005 234 285/3 8/3 clear 3 Image motion 
0215 235 1 41/3 9/3 Ptly cloudy2 
236 299/2 5/2 " " 2 
STATION LOG JULY 1974 
DATE DAY (GMT) TIME RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
June 28 180 0500 237 166/3 10/3 clear 2 
238 174/0 0/0 clear 2 stopped,107 failure 
June 29 181 0044 cloudy 3 cancelled 
0245 239 107/3 7/3 2 partly cloudy 
240 91/0 0/0 2 stopped by clouds 
0535 241 172/3 10/3 3 partly cloudy 
242 114/0 0/0 3 stopped by clouds 
June 30 182 0130 243 251/3 11/3 cirrus 2 high zenith distance 
0330 244 346/3 9/3 cirrus 2 double moded laser pulse 
245 225/2 6/2 cirrus 2 
0615 246 270/3 6/3 cirrus 3 
July 1 183 0245 247 130/3 10/3 clear 3-4 
248 269/0 6/0 clear 3-4 
249 243/2 5/2 clear 3-4 
0600 250 226/3 17/3 clear 3-4 
July 2 184 0415 cloudy cancelled 
0800 cloudy cancelled 
July 3 185 0415 cloudy cancelled 
0815 cloudy laser shortened 2 nano 
July 4 186 0430 25]; 238/3 0/3 clouds 4 clouds off and on 
0700 cloudy cancelled 
0930 252 89/3 0/3 cloudy 3 stopped by clouds 
July 6 187 0530 cloudy cancelled 
0830 cloudy cancelled 
1030 cloudy cancelled 
STATION LOG JULY 1974 
DATE DAY (GMT) TIME RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
July 7 188 0600 253 148 / 3 12/3 clear 1 excellent tight data 
254 144/ 0 8/0 clear 1 about 6 cm range 
0900 cloudy cancelled 
1130 255 172/3 12/3 3 -4 poor contrast 
256 409/2 0/2 3-4 poor contrast ' 
July 8 189 0630 cloudy cancelled 
0930 cloudy cancelled 
1130 cloudy cancelled 
July 9 190 0730 cloudy cancelled 
1030 cloudy cancelled 
1130 257 58 / 3 9/3 clear 3 - 4 
258 142/0 9/0 clear 3 - 4 
259 256 / 2 5/2 clear 3 - 4 stopped by fog 
July 10 191 0800 260 191 / 3 10/3 3 partly cloudy 
261 231 / 4 0/4 3 partly cloudy 
1100 262 140/ 3 9/3 cirrus 3 - 4 
263 283 /4 9/4 cirrus 3 - 4 
264 142 / 2 9/2 cirrus 3-4 
265 333 / 0 5/0 cirrus 3-4 
1330 266 97 / 3 7/3 clear 3-4 
July 11 192 0830 cloudy cancelled 
1130 cloudy cancelled 
1430 cloudy cancelled 
July 12 193 0930 267 217 / 3 8/3 clear 2-3 
268 229 / 4 6/4 clear 2 - 3 
DATE 
July 12 
July 13 
July 14 
July IS 
July 16 
DAY (GMT) 
193 
194 
195 
196 
197 
ATTEMPTS 
10/0 
9/2 
31/3 
5/4 
TIME RUN NO. 
1215 269 
270 
1415 271 
1000 
1300 
1500 
1030 
1300 
1500 
1100 272 
273 
1400 274 
1600 
1130 
1430 
1630 
STATION LOG JULY 1974 
NO. OF SHOTS RETURNS WEATHER SEEING 
115/3 
234/2 
121/3 
303/2 
277/3 
232/2 
10/3 clear 
8/2 clear 
7/3 cirrus 
clouds 
clouds 
clouds 
cloudy 
cloudy 
cloudy 
8/2 clear 
0/3 clear 
0/2 clear 
SUCCESSFUL MEASUREMENTS 
6/0 
7/2 
24/3 
3/4 
2-3 
2-3 
3 
2 
2 
3 
COMMENTS 
cancelled 
cancelled 
cancelled 
cancelled 
cancelled 
cancelled 
poor contrast 
cancelled poor contrast 
cancelled poor contrast 
cancelled poor contrast 
cancelled poor contrast 
STATION LOG AUG. 1974 
DATE DAY TIf'I.E(GMT) RUN NO, NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
July 22 203 1900 ptly cloudy 4 cancelled-poor contrast 
2200 ptly cloudy 4 cancelled-poor contrast 
204 0015 275 3PJ+/4 0/4 clear 4 poor contrast 
July 23 1930 cloudy cancelled 
2230 cloudy cancelled 
205 0045 276 152/4 0/4 ptly cloudy 3 
277 280/3 0/3 ptly cloudy 3 
July 24 2030 4-6 cancelled 
2330 278 257/3 0/3 clear 3 
206 0200 279 368/3 7/3 clear 3 
July 25 2130 280 205/0 0/0 clear 3 
207 0015 281 365/0 6/0 clear 3 
0230 282 328/0 0/0 clear 3 
July 26 2200 cloudy 
208 0100 cloudy 
0400 283 421/3 14/3 clear 2-3 large zenith distance 
July 27 2330 cloudy cancelled-poor contrast 
209 0130 cloudy cancelled-clouds 
0420 2PJ+ 282/3 31/3 clear 2 
285 141/0 0/0 
July 28 210 0100 286 189/3 11/3 cirrus 3 
287 224/2 0/2 
STATION LOG AUG. 1974 
DATE DAY TIME (GMT) RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
July 28 210 0500 clouds 4-5 cancelled 
July 29 211 0200 288 42/3 0/3 ptly cloudy 4-5 stopped by clouds 
0600 cloudy cancelled-clouds 
July 30 212 0230 cloihdy cancelled-clouds 
0630 289 416/3 28/3 hazy 3 
July 31 213 0230 290 236/3 14/3 hazy 2 
0500 cloudy cancelled 
0800 cloudy cancelled 
Aug. 1 214 0330 cloudy cancelled 
0600 cloudy cancelled 
0900 291 329/3 0/3 ptly cloudy 3 telescope on west side 
Aug. 2 215 0405 292 469/3 24/3 cirrus 2 
0700 293 185/3 9/3 clear 2-3 computer drives not working 
294 191/0 7/0 clear 2-3 only drives south 
295 381/3 7/3 cirrus 3 laser break down 
Aug. 3 216 0445 296 188/3 0/3 cirrus 4 heavy water vapor content 
0745 clouds cancelled 
1045 clouds cancelled 
Aug. 5 217 0530 clouds cancelled 
AUG. STATION LOG CONT. 
DATE DAY TIME{GMT~ RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
Aug. 5 217 08)0 clouds cancelled 
11)0 clouds cancelled-clouds, rain 
Aug. 6 218 0600 clouds cancelled 
0815 297 270/) 27/) It. clouds )-4 
1100 clouds cancelled I 
Aug. 7 219 0645 clouds cancelled 
0945 298 112/) 0/) ptly cloudy )-4 stopped by fog 
1145 299 27)/) 26/) clear 2-) 
)00 2))/0 9/0 clear 2-) computer would not drive 
)01 134/3 12/) clear )-4 
Aug. 8 220 0700 )02 182/) )0/) clear 3 
)0) 186/4 13/4 clear ) 
1100 304 141/) 25/) clear 2 
)05 274/2 7/2 clear 2 
)06 138/0 10/0 clear 2 
1)20 )07 94/) 16/) clear 2 
)08 265/4 514 clear 2 
Aug. 9 221 08)0 clouds cancelled 
11)0 rain cancelled 
1400 rain cancelled 
Aug. 10 222 10)0 clouds cancelled 
DATE DAY 
Aug. 11 223 
Aug. 12 224 
Aug. 13 225 
Aug. 14-Aug.22 
TIME{GNT l 
1430 
1245 
1430 
1300 
1500 
1300 
14]0 
Attempts 
7/0 
5/2 
26/3 
4/4 
RUN NO. 
309 
310 
311 
312 
313 
314 
315 
]16 
AUG. STATION LOG CONT. 
NO. OF SHarS RETURNS 
363/2 7/2 
221/3 7/3 
288/2 11/2 
478/3 6/3 
308/2 4/2 
163/3 0/3 
331/3 0/3 
21L] OL] 
casse,grain run 
WEATHER SEEING 
cirrus 4 
clouds 4 
4-5 
clouds 4-5 
clear 3 
clear 2 
clear 3 
clear 3 
clear ] 
successful measurements 
4/0 
4/2 
17/3 
2/4 
COMMENTS 
stopped by seeing 
poor contrast, image mo-
tion 
stoEEed bl Eoor contrast 
STATION LOG SEPTEMBER 1974 
DATE DAY (GMT) TIME RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
Aug. 23 235 21: 00-04:)00 cloudy canc. 
Aug. 24 236 23:00-03:00 cloudy canc. 
Aug. 26 238 00:00-04:00 cloudy canc. 
Aug. 27 239 00:40 clear canc.,cloudy & rain 
new pockel installed 
pmt 2900v new ~tart 
diode positioi # 2 
453 at 3.0 
# 1 at 7.0 
05:00 clear canc. laser problem 
Aug. 28 240 01:00 clear canc. laser problem 
05:00 cloudy canc. 
Aug. 29 241 01:00 cloudy canc. 
04:00 317 195/3 0/3 clear 2-3 very tight laser 
pluse 
07:00 318 214/3 0/3 elear 3 about 1(4 nsec FWHM 
changed cal. 
between runs 
Aug. 30 242 01:30 319 213/3 8/3 clear 1-2 cal. back to #2 
on 241 telescope 
tracking poor 
04:30 320 91/3 9/3 clear 2 
321 142/2 0/2 clear 2 
322 45/3 3/3 clear 2 return to test 
filter 
323 90/2 0/2 clear 2 
06:00 324 428/3 9/3 clear 1 heavy water vapor 
Aug. 31 243 02:00 235 294/3 7/3 clear 1 laser in wrong mode 
05:00 326 138/3 12/3 clear 2 
on heavy H20 line? 
327 251/2 0/2 clear 2 
08:00 328 346/3 7/3 clear 2 changed FP in laser 
changed feedback 
delay about 6 nsec. 
Sept. 1 244 03:00 cloudy canc. 
06:00 329 256/3 0/3 clear 2-3 
09:00 cloudy canc. 
STATION LOG SEPTEMBER LOG 
DATE DAY (GMT) TIME RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
Sept. ~ 245 04:00 330 252/3 9/3 clear 3 
07:00 331 167/3 10/3 " " 
332 207/0 0/0 " " 
10:30 333 243/3 8/3 " " 
Sept. 3 246 05:00-11:00 c1ds cancelled 
Sept. 4 247 05:30 334 186/3 9/3 clear 3 
08:30 335 138/3 10/3 " " 
336 215/0 10/0 " " 
11:30 337 242/3 10/3 " " 
Sept . 5 248 06:30 338 210/3 16/3 " 3-4 
09:30 339 225/3 12/3 " 3 
340 235/0 0/0 " " 
12:00 341 94/3 15/3 " 2 
342 275/0 5/0 " " 
Sept. 6 249 07:00 343 71/3 12/3 " " 
344 142/0 11/0 " " 
11:00 345 144/2 11/2 " " 
346 77/3 12/3 " " 
13:00 347 110/3 10/3 " 3 
Sept. 7 250 08:00 c1dy. cancelled 
11:00 348 182/3 17/3 pt1y. c1dy.2 
349 82/4 0/4 " " " stopped by clouds 
14:00 c1dy. canc. 
Sept. 8 251 09:00 350 161/3 16/3 clear 2 
351 144/4 0/4 " " 
12:00 352 77/3 12/3 " 2 
353 331/2 9/2 " " 
14:00 354 179/3 12/3 " 2-3 
Sept. 9 252 10:15 355 140/2 15/2 " 3 
356 126/3 12/3 " " 
13:00 357 128/2 11/2 " " 
15:00 358 333/2 8/2 " " 
Sept. 10 253 11:00 359 141/2 11/2 " 2 
360 225/3 0/3 " " 
13 :-30 361 232/2 0/2 " 3 
16:00 clear 3 canc. t.v. experiment 
Sept. 11 254 11:00 362 281/2 10/2 " " 
363 93/3 14/3 " " 
14:00-16:30 " ? canc. t.v. experiment 
DATE 
Sept. 12 - 19 
DAY (GMT) 
Attempts 
5/0 
11/2 
29/3 
2/4 
TIME RUN NO. 
STATION LOG SEPTEMBER 1974 
NO. OF SHOTS RETURNS WEATHER 
cassegrain run 
successful measurements 
3/0 
7/2 
25/3 
0/4 
SEEING COMMENTS 
STATION LOG SEPT.-OCT. 1974 
DATE DAY (GMT) TIME RUN NO. NO. OF SHarS RETURNS WEATHER SEEING COMMENTS 
Sept. 19 262 1900 clouds cancelled 
2200 clouds cancelled 
263 0100 clouds cancelled 
Sept. 20 2000 clouds cancelled 
2300 clouds cancelled 
264 0200 clouds cancelled 
Sept. 21 2200 clouds, rain cancelled 
265 0200 clouds, rain cancelled 
Sept. 22 2230 clouds, rain cancelled 
266 0230 clouds, rain cancelled 
Sept. 23 2300 clouds, rain cancelled 
267 0300 clouds, rain cancelled 
Sept. 24 268 0000 clouds, rain cancelled 
0300 clouds, rain cancelled 
0600 clouds, rain camcelled 
Sept. 25 269 0000 ptly cloudy 6-9 focus would not move 
0310 364 245/3 6/3 clear 4-5 delayed by focus problem 
0600 365 123/3 4/3 clear 4-5 blew #3 amp. flashlamp 
STATION LOG SEPT. - OCT. 1974 
DATE DAY(GMr) TIME RUN NO . NO . OF SHOTS RETURNS WEAlliER SEEING COMMENTS 
Sept . 26 270 0100 366 175/ 3 8/3 clear 3-4 
0400 367 236/ 3 9/3 clear 4-5 
0700 368 282/ 3 8/3 clear 4-5 
Sept. 27 271 0115 369 145/ 3 0/3 clear 3-4 
0415 370 309/3 5/3 clear 4-5 
0640 371 140/3 10/ 3 clear 3-4 
372 283/ 0 0/0 clear 3-4 
Sept. 28 272 0200 clear cancelled-room very hot 
0500 373 59/3 11/3 clear 2 
374 279/ 0 5/0 clear 2 
0800 375 265/3 11/3 clear 3 
Sept . 29 273 0240 376 313/3 0/3 clear 3 
clear cancelled, air condition~ 
377 231/3 0/3 clear 2 ing off trouble wi th 
air conditioning 
Sept. 30 274 0345 378 207/3 11/3 clear 3 
0630 379 282/3 9/3 clear 3 
0930 clouds cancelled, heavy cirrus 
Oct. 1 275 0430 380 131/3 12/3 clear 2 
381 105/0 2/0 clear 2 
Oct. 2 0730 382 52/3 11/3 clear 2 
383 164/0 9/0 clear 2 
384 142/2 9/2 clear 2 
1030 385 159/3 12/3 clear 2 
Oct. 3 276 0500 clear 10 cancelled, air con-
ditioner problems 
0800 clear " " " 
1100 clear " " " 
STATION LOG. SEPT.-OCT. 1974 CONT. 
DATE DAY(GMf) TIME RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
Oct. 4 277 0600 clear cancelled air con-
ditione; problems 
0900 clear " " " 
1200 clear " " " 
Oct. 5 278 0750 386 68/3 11/3 clear 3 
387 93/0 0/0 clear 3 stopped by clouds 
1000 388 91/3 12/3 clear 3 
389 271/0 12/0 clear 3 
390 196/3 11/3 clear 3-4 bad image motion 
Oct. 6 279 0730 391 136/3 9/3 clear 4 
392 136/4 3/4 cloudy 4 stopped by clouds 
1030 cloudy cancelled 
1300 cloudy cancelled 
Oct . 7 280 0830 cloudy cancelled 
1130 cloudy cancelled 
1430 cloudy cancelled 
Oct. 8 281 0930 393 289/3 8/3 clear 3 
394 204/2 11/2 clear 
1230 395 118/2 11/2 clear 3 
396 174/4 14/4 clear 3 
1530 397 178/2 8/2 clear 3 
Oct. 9 282 1130 398 137/2 9/2 clear 2-3 
1400 cloudy cancelled 
1600 cloudy cancelled 
Oct. 10 283 1130 399 275/2 11/2 clear 3 
400 223/3 0/3 clear 3 
1340 401 273/2 12/2 ptly cldy 3 
1530 402 228/2 12/2 ptly cldy 3 
Oct. 11 284 1300 cloudy cancelled 
DATE DAY (GMT) 
Oct. 11 284 
Oct. 12 285 
Oct. 13-17 
TIME 
1500 
1700 
1300 
1500 
1700 
Attempts 
6/0 
8/2 
23/3 
2/4 
Attempts 
28/0 
33/2 
109/3 
13/4 
STATION LOG. SEPT.-OCT. CONT. 
RUN NO. NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
cloudy 
cloudy 
cloudy 
cloudy 
cloudy 
cassegrain run 
Successful 
3/0 
8/2 
19/3 
2/4 
Successful 
16/0 
26/2 
85/3 
7/4 
cancelled, air condi-
tioner being fixed 
tI " " 
cancelled 
cancelled 
cancelled 
APPENDIX B 
The Lunar Laser Calibration Data 
from 
20 June, 1974 to 15 October, 1974 
APPENDIX B 
System Calibration Data 
The following pages contain the calibration constants 
for the quarterly period covered by the present report. The 
categories A-D are explained below. 
A. This column contains the uncorrected calibration 
constant for the entire lunar laser ranging system as measured 
by the light emitting diode. Due to differing cable lengths 
for the calibration system, this value is approximately 30 
nanoseconds higher than the actual system calibration value. 
It is, however, an accurate measure of the relative shift in 
the calibration value on a day - to - day basis. 
B. This column shows the results of calibrating only 
the relative delays between the photodiode and photomultiplier 
sides of the ranging system using a separate time-to-pu1se-
height converter and a pulse-height analyser. When available 
the column also gives a letter code indicating the single shot 
uncertainty for any given night. The single shot uncertainty 
is keyed to the following code: A = ~0.4 nanoseconds; B = +.5 
nanoseconds; C = ~0.6 nanoseconds; D = ~0.7 nanoseconds; E = 
+.8 nanoseconds; F = +1.0 nanoseconds; G = +1.2 nanoseconds; 
H = +1.4 nanoseconds; I = +1.7 nanoseconds; J = +2.0 nanoseconds; 
K = +2.4 nanoseconds; L = +2.9 nanoseconds; M = +3.5 nanoseconds; 
N = +4.2 nanoseconds. The absence of a letter will indicate 
the single shot uncertainty of J. 
-33-
C. This column gives the arithmetic mean of the feed-
back calibration return through the entire lunar ranging sys-
tem as recorded during the actual lunar ranging by the system 
teletype. 
D. This column shows the results of adding either the 
13.9 or -2.9 nanosecond geometric corrections to column C. 
The units have been changed to tenths of nanoseconds and a 
minus sign added to coincide with how this additive constant 
appears on the preliminary data cards. Letters A,B,C,D, follow 
the corrected calibration constant to indicate the relative 
accuracy of the calibration where: A = +200 picoseconds; B = 
~400 picoseconds; C = ~600 picoseconds; D = +1000 picoseconds; 
and E = 1.0-1.5 nanoseconds. 
JULY CALIBRATION 1974 
31000£ V=2870 Disc.=2.0 G=O delay box out 
DAY (GMT) A B C D 
175 14.8 8.0 10.lB -72B 
176 13.0 9.5 12.0A -91A 
177 12.6 9.0 12.0A -91A 
178 9.0 12.2A -93A 
179 12.7 8.0 10.7A - 78A 
180 11.5 8.5 11.0A -81A 
181 8.0 10.6B -7 7B 
182 12.3 9.0M 10.8A -79A 
183 8.sM 10.sA -76A 
184 12.6 - ~ - ... 
185 
186 13.1 9.0 10.6C -77C 
187 
188 6.0H 10.sA -76A 
189 
190 8.31 10.9B -80B 
191 8.01 11.0A -81A 
192 14.4 
193 12.3 8.51 10.9A -80B 
194 
195 
196 12.2 8.0 10.sA -76A 
JULY - AUG. CALIB. 1974 
310.00£ V=2870 Disc.=2.0 G=O 
DAY (GMT) A B C D 
204 11.2 9.0 10.3B -74B 
205 13.6 9.51 10.2B -73B 
206 11.6 6.0 10.7A -78A 
207 12.7 6.5 10.6A -77A 
208 12.5 6.51 10.0A -71A 
209 12.6 7.01 10.3A -74A 
210 12.6 9.0 10.6A -77A 
211 12.4 -75B 
212 12.8 9.51 10.2A -73A 
213 12.4 10.0 10.lB -72B 
214 11.9 9.01 10.4A -75A 
215 13.3 9.0 10.3A -74A 
216 12.5 10.0 10.lB -72B 
217 
218 8.5 10.lB -72B 
219 12.9 8.5 10.2A -73B 
220 11.9 8.51 10.lA -72A 
221 11.8 
222 12.8 9.51 10.0A -7lA 
223 9.5 10.lB -72B 
224 9.5 10.3A -74A 
225 14.3 9.5 10.DB -71B 
AUG. - SEPT. CALIB. 1974 
31000£ V=2900 Disc.=3.0 G=O Delay box out 
DAY (GMT) A B C D 
241 H 13.5A -274A 
241 H 15.6A -295A 
242 H 14.0A -279A 
243 12.4 H 13.7A -276A 
244 6.7 I -217B 
245 H 13.9A -278A 
246 
247 12.4 H 14.3A -282A 
248 12.5 G 14.6A -285A 
249 12.8 G 14 . 2A -281A 
250 12.4 H 14.2A -281A 
251 G 14.3A -282A 
252 13 .1 H 14 . 2A -281A 
253 12.5 J 14.9A -288A 
254 12.3 H 14.3A -282A 
SEPT. - OCT. CALlB. 1974 
31000£ V=2900 Disc. = 3.0 
DAY (GMT) A B C D 
269 12.2 H 14.9B -288B 
270 13.9 H 14.3A -282A 
271 13.0 G 14.2B -281B 
272 G 14.2B -281B 
273 11.0 G 14.2A -281A 
274 11.9 I 14.5A -284A 
275 11.1 H 13.8A -277A 
276 - - - - - - - - - -
277 - - - - - - - - - -
278 13.1 G 13.8A -277A 
279 12.1 G 14.2B -281B 
280 - - - - - - - - - -
281 H 13.9A -278A 
282 11.3 H 13.7B -276B 
283 12.8 I 13.9A -278A 

